GLM:dsh 03/15/02 E-272-99/1 
PATENT 



'II 8 Ft P <? Q .QQJ I 

M 0/088269 

n^Reference Number 4239-6229 



Attorril 



-62295 

Express Mail No. EV053212979 

JCIBRtfd POTTO I 5 MAR 200? 

LN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Kallioniemi et al 
Application No. Not yet assigned 
Filed: Herewith 

For: SIGNAL COUNTING FOR IN SITU 

HYBRIDIZATION 
Examiner: Not yet assigned 

Date: March 15, 2002 



Art Unit: Not yet assigned 

CERTIFICATE OF MAILING 

1 hereby certify that this paper and the documents 
referred to as being attached or enclosed herewith are 
being deposited with the United States Postal Service 
on March 15, 2002 as Express Mail No. EV0532 12979 
in an envelope addressed to: BOX PCT 
COMMISSIONER FOR PATENTS, WASHINGTON, 
D.C. 20231. 




BOX PCT 

COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

PRELIMINARY AMENDMENT 

Prior to calculating the claim fees for the above-identified patent application, please 
amend the application as follows to comply with national stage requirements and otherwise 
amend the claims. Please disregard and do not enter the Article 34 Amendment filed during 
international prosecution, which the Applicants do not wish entered at this time. 
In the Specification: 

On page 1, after the title, please insert the following paragraph: 

—Priority Claim 

This is a § 371 U.S. national stage of PCT/US00/25465, filed September 15, 2000, which 
was published in English under PCT Article 21(2), and claims the benefit of U.S. Application 
No. 60/154,601, filed September 17, 1999.-- 



Page 1 of 18 



1 O O ELS P A «3 s O c l :1 O P 




GLM :dsh 03/1 5/02 E-272-99/1 
PATENT 




Attoi 



Preference Number 4239-62295 
Express Mail No. EV0532 12979 



Please place the following abstract (which is also submitted on a separate page, attached) 
at the end of the specification (i.e., as page 45): 

-SIGNAL COUNTING FOR IN SITU HYBRIDIZATION 

ABSTRACT 

A computer system counts fluorescently tagged nucleic acid probe signals in 
biological specimens by determining a ratio of signals from a test probe to signals of a 
reference probe. Probe signals need not be counted with reference to cells, nuclei, or 
nuclear contours. Gene amplification or deletion can thus be detected by analyzing the 
ratio. Successive image slices are obtained by confocal microscopy, and the images are 
digitized. The digital images are transformed and analyzed to combine contiguous 
fluorescent signal segments in successive optical sections to identify discrete probe 
signals, or spots. Spots overlapping in the axial and transverse dimensions of a three- 
dimensional representation of the biological specimens can be distinguished. A graphical 
user interface presents various features for consideration by a user, who can provide 
guidance to a computer system counting the spots. Various features directed to 
identifying spot clusters and autofluorescent material can increase accuracy of spot 
counting.-- 

In the Claims: 

Please cancel claims 41-57 without prejudice. 
Please amend claims 1, 15, 24 as follows: 

1 . (Amended) A computer-implemented method for counting nucleic acid probe 
signals in a region of interest in a biological specimen, the method comprising: 

in a computer system, automatically counting a number of test signals from a test probe; 

in the computer system, automatically counting a number of reference signals from a 
reference probe; and 
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in the computer system, determining a ratio of the automatically-counted test signals 
from the test probe to the automatically-counted reference signals from the reference probe, 
wherein the region of interest comprises multiple cells. 

2. The method of claim 1, wherein the reference probe is a polynucleotide that 
hybridizes to a centromere, and the number of reference signals from the reference probe 
approximates a nucleus count in the biological specimen. 

3. The method of claim 1 , wherein the reference probe recognizes a target on a same 
chromosome as the test probe. 

4. The method of claim 1, wherein the test probe is a polynucleotide that hybridizes 
to a target sequence in a gene, and the reference probe is a polynucleotide that hybridizes to a 
reference sequence. 

5. The method of claim 3, wherein the reference probe recognizes a centromere of 
the same chromosome on which the gene of interest is contained. 

6. The method of claim 1, further comprising obtaining successive images of the 
region of interest to distinguish overlapping signals in the biological specimen. 

7. The method of claim 6, wherein the successive images are optical sections of the 
region of interest. 

8. The method of claim 7, wherein the optical sections are at different depths of the 
biological specimen. 

9. The method of claim 8, wherein the successive images are transformed into 
digital representations in which contiguous signal segments in successive optical sections are 
combined into a single signal in a particular optical section in which a strongest signal segment is 
located. 
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10. The method of claim 6, wherein different successive images are obtained for the 
test probe signals and the reference probe signals, and a quantity of test probe signals and 
reference probe signals are determined. 

1 1 . The method of claim 6, wherein successive images are obtained which show 
distinguishable test probe signals and reference probe signals, and a quantity of the test probe 
signals and reference probe signals are determined. 

12. The method of claim 6, wherein the successive images are obtained by confocal 
microscopy. 

1 3 . The method of claim 1 , wherein the ratio of signals is determined without 
reference to boundaries of a cell nucleus. 

14. The method of claim 1 , wherein the ratio of signals is determined without 
reference to the boundaries of a cell. 

1 5 . (Amended) The method of claim 1 wherein the probe signals are visible 
signals from probes used with in situ hybridization of a biological sample, the method further 
comprising: 

obtaining a plurality of images at different levels of the biological sample; and 
constructing a three-dimensional image indicating discrete signals at different levels of 

the three-dimensional image; 

wherein automatically counting comprises counting computer-identified discrete signals 

out of the discrete signals at different levels of the three-dimensional image. 

16. The method of claim 15, wherein the three-dimensional image is constructed by 
determining a location of a signal segment in the different levels of the biological sample, 
combining overlapping signal segments in contiguous levels into a single spot signal, and 
separating signal segments in non-contiguous levels into different spots. 
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17. The method of claim 16, wherein the location of signal segments is determined by 
the presence of an increase in brightness intensity that indicates an increase of signal as 
compared to a background signal. 

18. The method of claim 17, wherein the probes display fluorescent signals, and the 
increase in brightness intensity is associated with an increase in fluorescence compared to the 
background signal. 

19. The method of claim 15, wherein the signals comprise test signals from a test 
probe and reference signals from a reference probe. 

20. The method of claim 19, wherein the test probe recognizes a gene of interest, and 
the reference probe recognizes a chromosomal locus having an expected quantity in the 
biological specimen. 

21 . The method of claim 20, further comprising determining a ratio between the test 
signals and the reference signals. 

22. The method of claim 21, further comprising determining: 

(a) whether there is an increase in an expected ratio between the test signal and the 
reference signal, indicating an amplification of the gene of interest; or 

(b) whether there is a decrease in the expected ratio between the test signal and the 
reference signal, indicating relative loss of the gene of interest. 

23. The method of claim 19, wherein the test probe is selected from the group 
consisting of probes that recognize genes implicated or suspected in the development or 
progression of a tumor. 

24. (Amended) The method of claim 15, wherein the biological sample is in a 
microarray. 
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25. The method of claim 24, wherein the microarray comprises a tissue microarray. 

26. The method of claim 25, wherein the tissue microarray comprises tissue samples 
of a same tissue type taken from a plurality of donor specimens. 

27. The method of claim 15, wherein the plurality of images consists of between eight 
and thirty two images at different levels of the biological sample. 

28. The method of claim 15, further comprising: 

avoiding counting discrete signals having intensities exceeding a threshold intensity. 

29. The method of claim 15, further comprising: 

avoiding counting discrete signals having a combined intensity and area exceeding a 
threshold value. 

30. The method of claim 15, further comprising: 

avoiding counting discrete signals related to autofluorescent material. 

3 1 . The method of claim 15, further comprising: 

depicting a two-dimensional image representing the three-dimensional image for 
consideration by a user. 

32. The method of claim 3 1 , further comprising: 

emphasizing discrete signals related to autofluorescent material in the two-dimensional 

image. 

33. The method of claim 15, further comprising: 
identifying a set of one or more discrete signals as a cluster; and 

counting the cluster as a number of discrete signals greater than the number of discrete 
signals in the set. 
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34. The method of claim 33 wherein the cluster is counted as a number of discrete 
signals indicated by applying a mapping to the number of discrete signals in the set. 

35. The method of claim 33 wherein the cluster is counted as a number of discrete 
signals indicated by a function calibrated via manual counting of spots in a plurality of images. 

36. The method of claim 33 wherein the cluster is counted as a number of discrete 
signals indicated by a gain factor applied to the number of discrete signals in the set. 

37. The method of claim 15 wherein the plurality of images are a set of images taken 
during a first analysis of a first color channel, and a second set of images are taken of the 
biological sample for a second color channel, the method further comprising: 

avoiding counting discrete signals appearing at a same location in the set of images for 
the first color channel and the set of images in the second color channel. 

38. The method of claim 15 wherein the plurality of images are a set of images taken 
for a test probe, and a second set of images are taken of the biological sample for a reference 
probe, the method further comprising: 

avoiding counting discrete signals appearing at a same location in the set of images for 
the test probe and the set of images for the reference probe. 

39. The method of claim 15 further comprising: 

receiving a directive from a user indicating counting is to be avoided for a specified 
portion of the biological sample; and 

responsive to the directive, avoiding counting discrete signals for the specified portion of 
the biological sample. 
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60. A computer-generated user interface for presenting results of microscopic 
observation of biological tissue subjected to a FISH experiment, the user interface comprising: 

a scatter plot of sets of image components designated as spot candidates for the FISH 
experiment; 

wherein the scatter plot comprises points indicating a size and intensity of spot 
candidates. 

61 . The computer-generated user interface of claim 60 wherein at least one point is 
operable to receive a user interface activation to navigate to a user interface display of 
information for a spot candidate associated with the point. 

62. The computer-generated user interface of claim 60 wherein at least one point is 
operable to receive a user interface activation to navigate to a user interface display of a three- 
dimensional depiction of a spot candidate associated with the point. 

63 . The computer-generated user interface of claim 60 further comprising: 

a display image depicting a view of the tissue subjected to the FISH experiment and a 
depiction of least one candidate spot thereon; 

wherein the depiction of the candidate spot is operable to receive a user interface 
activation to designate the spot as a minimal intensity spot; and 

wherein candidate spots designated as minimal intensity spots are visually emphasized 
when presenting the scatter plot. 



The specification has been amended herein to insert Applicant's claim of priority, and to 
insert an Abstract as the last page of the specification. The claims have been amended for 
clarification. No new matter has been added. 

The priority claim to U.S. Provisional Application No. 60/154,601 was already set forth 
in the cover sheet that accompanied the PCT patent application (Application 
No. PCT/US00/25465). The priority claim to the PCT is set forth in the cover sheet 
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40. The method of claim 15 further comprising: 

receiving a directive from a user indicating counting is to be performed separately for a 
specified portion of the biological sample; and 

responsive to the directive, separately counting discrete signals for the specified portion 
of the biological sample. 



41-57 (Canceled) 



58. A computer-readable medium comprising computer-executable instructions for 
performing the following: 

within a stack of image slices generated from a plurality of confocal microscopic 
observations of a FISH experiment as a plurality of depths along a z-axis, identifying possible 
fluorescent image components; 

projecting the possible fluorescent image components within the image slices onto a 
projection image; 

discarding insignificant contiguous possible fluorescent image components in the 

slices; 

for each contiguous region in the projection image, grouping regions of possible 
florescent image components associated with the contiguous region in the projection image into 
spot candidates; 

applying a filter to the spot candidates; and 

counting the remaining spot candidates as spots. 

59. The computer-readable medium of claim 58 wherein insignificant contiguous 
possible fluorescent image components are determined by comparing a size of a contiguous 
possible fluorescent image component with a threshold. 
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accompanying the patent application filed herewith and in the copy of the declaration that is 
submitted with the application filed herewith. 

If any matters remain to be discussed prior to examination, the Examiner is invited to 
contact the undersigned at the telephone number listed below. 



One World Trade Center, Suite 1600 
121 S.W. Salmon Street 
Portland, Oregon 97204 
Telephone: (503)226-7391 
Facsimile: (503) 228-9446 



Respectfully submitted, 



KLARQUIST SPARKMAN CAMPBELL 
LEIGH & WHINSTON, LLP 
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